Abstract. The superheated steam temperature control system is a complicated controlled object with large inertia and large time delay characteristics, and its model parameters change with the load. For this nonlinear system, an IGPC-QFT cascade control algorithm was proposed. The quantitative feedback theory (QFT) was used to suppress the uncertainties and disturbance in the leading region of the system. A simple method for QFT controller design was proposed to avoid the tedious shaping process of the QFT controller design. An improved implicit generalized predictive self-tuning controller (IGPC) was used to suppress the overshoot and overcome the large inertia and large time delay in the inert region. The numerical simulations show that the proposed IGPC-QFT algorithm can give the controlled system better dynamic performance than traditional GPC-P under different load and disturbance.
Introduction
The superheated steam temperature control system is a complicated object with large inertia and large time delay, and its model parameters change with the load. Under different load and disturbance, the PID control algorithm can't meet the performance requirements [1] . In order to solve this problem, a variety of control strategies have been proposed. In [2] , the PID parameters are adjusted by the comprehensive satisfaction function determined by the New Luus-Jaakola (NLJ) algorithm to reduce the influence of changed model parameters. In [3] , the Adaptive Predictive Expert (ADEX) control method is used to control the steam temperature to maintain the thermal pressure minimum. In [4] , an improved generalized predictive control algorithm is proposed. Improved least squares method is used to estimate the model parameters and reduce the influence of time delay and time-varying. In the actual industrial control, the superheated steam temperature control system is sensitive to the generation of overshoot. However, when the traditional GPC algorithm is used in the superheated steam temperature control system, the output will appear varying degree of overshoot. The quantitative feedback theory (QFT) can quantify the feedback information in the frequency domain, and design a robust controller in the case of uncertainty of the model parameters [5] . It is widely used in various fields. In [6] , it is used to design the automatic landing controller. In [7] , it is used to design a robust controller for hydraulic robots. The process of controller design is tedious [8] . Therefore, a method is needed to avoid it. Aiming at the characteristics of superheated steam temperature system and two kinds of algorithm, the IGPC-QFT cascade control algorithm is proposed in this paper.
Quantitative Feedback Theory (QFT) and Controller Design Method
Fundamentals of QFT. QFT is a technology based on the frequency domain theory, using the Nichols chart to design controller.
Structure of single-input and single-output QFT system is shown in Fig. 1 [9] . Where P represents object with unknown parameters or structure, C represents the controller, F represents the filter, 1 d and 2 d represent interference, R represents the reference and Y represents the output of system. 
[,] ij ab ÎDindicates that the region of the parameters. Common closed-loop performance indexes are:
Where 0 M represents the resonant amplitude of the system.
Where 1 W represents the input interference rejection coefficient.
3) Output interference rejection index
Where 2 W represents the output interference rejection coefficient. For such an object with uncertainty, the design steps of QFT are as follows: 1) Selecting characteristic frequency points, object template and nominal object. 2) Plotting QFT performance index boundary curve. 3) Shaping and design of controller. A Simple Design Method of QFT Controller. In the traditional quantitative feedback theory, the controller design is a repeated trial process. It requires designers with design experience. It is relatively difficult for beginners. To avoid this problem, this paper designs a simple method for QFT controller design.
Observing Eq. (2)- (4) can be found that they can be converted into the form of sensitivity function
and form of complement sensitivity function|()||()()/(1()())| TjCjPjCjPj wwwww =+ After the conversion, at each characteristic frequency point:
At each characteristic frequency point, the object and the controller can be represented as complex exponential form: 
To meet the performance indexes, we can make the two equations in Eq. (6) equal:
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Implicit Generalized Predictive Self -Tuning Control Algorithm and Improvement
Implicit generalized predictive control [10] does not need to identify the model parameters, but directly to identify the parameters of the control law according to the data of input and output.
In generalized predictive control, the CARIMA model is generally as follows [11] :
represent the output, input and white noise at k step, and d represents the delay.
The system output at kj + step is:
Where () fkj + represents the output response based on the data of past input and output. The reference trajectory is calculated as follows:
represents the output softening factor and w represents the reference. The objective function used in [12] is:
JEGUfYGUfYUU l =D+-D+-+DD .
(11) When the traditional GPC algorithm is used in the superheated steam temperature control system, the output will appear varying degree of overshoot. Also, the amplitude of the control is constrained in this system.
In this paper, the function of the control is added to Eq. (11): 
IGPC-QFT Cascade Control Algorithm
For the characteristics of the superheated steam temperature control system, many scholars used the generalized predictive control algorithm to control the system [13] .The generalized predictive control can solve the problem of changed model parameters. But when the delay of the controlled object is large and the model parameters change greatly with the load, the output will appear varying degree of overshoot. In the superheated steam temperature control system, the delay and inertia of the leading region are much smaller than the whole system. And interference and uncertainty are usually included in the leading region. Therefore, the IGPC-QFT cascade control algorithm is proposed. The controller
Advances in Engineering Research, volume 129
designed by QFT is used to reduce influence of uncertainty and reject the interference in the leading region, so that the leading steam temperature can be controlled in advance. The improved IGPC controller is used in the inert region to overcome the large delay and inertia of the system, restrict overshoot and make the main steam temperature track reference. IGPC has a well tracking performance, so there is no need to design F filter in QFT.
Based on the above ideas, an IGPC-QFT cascade control algorithm is designed. The structure is shown in Fig. 2 . 
Simulation Study
Four typical models [14] are given in Table 1 . 
Selecting some characteristic frequency points: In order to meet the requirement of corresponding performance index boundary, we can use Eq. (7) Fig. 4 . It can be seen from Fig. 4 , the controller designed by the simple method can meet the requirement of the composite boundary curve.
In the simulation, we set the desired output of the system as a square wave which varies in the range of [1, 2] . The load of the system is gradually increased from 37% to 100%. The parameters of IGPC: The step of prediction is N = 24, the step of control is It can be seen from the comparison that, the output of the system under the traditional GPC-P control algorithm has varying degree of overshoot. The time to reach 5% steady state is long. The IGPC-QFT cascade control algorithm makes the overshoot small. The time to reach 5% steady state is short. When the parameters of the model change with the load, the system can maintain well dynamic performance.
Conclusions
For the unique characteristics of superheated steam temperature control system in the thermal power plant, the IGPC-QFT cascade control strategy proposed in this paper overcomes the large time-delay, large inertia and time-varying property of the system, restricts the overshoot and obtains a good tracing performance. Meanwhile, this paper also proposes a simple design for QFT controller, which avoids the complex shaping process. It can be known from the simulation results that this control strategy can be well applied in the superheated steam temperature control system.
